









Systems thinking and spatial 
group model building





The International Livestock Research Institute (ILRI) works to improve food security and 
reduce poverty in developing countries through research for better and more sustainable 
use of livestock. ILRI is a CGIAR research centre. It works through a network of regional 
and country offices and projects in East, South and Southeast Asia, and Central, East, 
Southern and West Africa. ilri.org
CGIAR is a global agricultural research partnership for a food-secure future. Its research 
is carried out by 15 research centres in collaboration with hundreds of partner organizations. 
cgiar.org
Systems thinking and spatial group model 
building 
A facilitator’s guide
Karl M. Rich  
International Livestock Research Institute
August 2021
©2021 International Livestock Research Institute (ILRI) 
ILRI thanks all donors and organizations which globally support its work through their contributions to the CGIAR Trust Fund
This publication is copyrighted by the International Livestock Research Institute (ILRI). It is licensed for use under the 
Creative Commons Attribution 4.0 International Licence. To view this licence, visit https://creativecommons.org/
licenses/by/4.0. 
Unless otherwise noted, you are free to share (copy and redistribute the material in any medium or format), adapt (remix, 
transform, and build upon the material) for any purpose, even commercially, under the following conditions:
ATTRIBUTION. The work must be attributed, but not in any way that suggests endorsement by ILRI or the author(s).
NOTICE:
For any reuse or distribution, the licence terms of this work must be made clear to others. 
Any of the above conditions can be waived if permission is obtained from the copyright holder. 
Nothing in this licence impairs or restricts the author’s moral rights. 
Fair dealing and other rights are in no way affected by the above. 
The parts used must not misrepresent the meaning of the publication.  
ILRI would appreciate being sent a copy of any materials in which text, photos etc. have been used.
Editing, design and layout—ILRI Editorial and Publishing Services, Addis Ababa, Ethiopia.
Cover photo— ILRI/Karl Rich.
ISBN: 92–9146–664–1
Citation: Rich, K.M. 2021. Systems thinking and spatial group model building: A facilitator’s guide. ILRI Manual 47. Nairobi, Kenya: ILRI.
Patron: Professor Peter C Doherty AC, FAA, FRS 
Animal scientist, Nobel Prize Laureate for Physiology or Medicine–1996
Box 30709, Nairobi 00100 Kenya 
Phone  +254 20 422 3000 
Fax      +254 20 422 3001 
Email ilri-kenya@cgiar.org
ilri.org 
better lives through livestock 
ILRI is a CGIAR research centre
Box 5689, Addis Ababa, Ethiopia 
Phone +251 11 617 2000 
Fax +251 11 667 6923 
Email ilri-ethiopia@cgiar.org 
ILRI has offices in East Africa • South Asia • Southeast and East Asia • Southern Africa • West Africa
iiiSystems thinking and spatial group model building: A facilitator’s guide
Figures
Figure 1: An illustration on how to use Google Jamboard. 10
Figure 2: An illustration of the construction of a causal loop diagram (CLD) to highlight resource conflicts. 13
Figure 3: Illustration of conflicts arising from needs that compete for resources. 14
Figure 4: An illustration of the impacts arising from the development of institutions to address conflicts  
over resources. 14
Figure 5: An illustration of the impacts arising from development of institutions that address the need for 
cooperation. 15
Figure 6: An illustration of the impacts of joint goal setting to address conflicts for resources. 16
Figure 7: A CLD of a product adoption model. 17
Figure 8: Use of InsightMaker to build system dynamics models. 31




1 Overview: Why this course? 1
2 What this course is and is not: General expectations and tips 3
3 Tools: Offline and online 5
4 Content notes 7
Session 1: An introduction to concepts of systems thinking 7
Session 2: Principles of spatial group model building 18
Session 3: Implementation of spatial group model building in practice 25
5 References 35
vSystems thinking and spatial group model building: A facilitator’s guide
Acknowledgements
This guide accompanies the training materials for the course ‘Systems thinking and spatial group model building’ 
found at https://ilri.padlet.org/krich20/tqowjkhm2h2iaksc (currently password protected: ILRISGMB2020). Its 
content has synthesized many of the lessons and past research from a vibrant community of practice of current and 
former users, including Sirak Bahta (International Livestock Research Institute [ILRI]), Jared Berends (Lincoln University, 
New Zealand; Plant and Food Research New Zealand), Greg Cooper (University of Sheffield), Kanar Dizyee (ILRI), 
Dolapo Enahoro (ILRI), Helene Lie (Norges Vel), Charles Mensah (ILRI), Chisoni Mumba (University of Zambia), Thinh 
Nguyen (ILRI), Magda Rich (University of Brighton) and Francis Wanyoike (ILRI). 
Financial support for previous and ongoing studies has come from the Australian Centre for International Agricultural 
Research (ACIAR); the Bill & Melinda Gates Foundation; the German Federal Ministry for Economic Cooperation and 
Development (BMZ); CGIAR Research Programs for Livestock, and Policies, Institutions, and Markets; the European 
Union; International Fund for Agricultural Development (IFAD); New Zealand Ministry of Foreign Affairs and Trade; 
Norwegian Research Council; and the United States Agency for International Development (USAID) and is greatly 
appreciated. Comments and feedback from Isabelle Baltenweck, Jared Berends, Tarni Cooper, Kanar Dizyee and 
Dominic Smith are likewise acknowledged and appreciated. 
An earlier online version of this course was administered to partners at the Ministry of Agriculture and Fisheries in 
Timor-Leste during 23–30 June 2020. Comments and feedback from participants are greatly appreciated and valued 
in improving this text.
1Systems thinking and spatial group model building: A facilitator’s guide
1 Overview: Why this course?
Over the past decade, there has been increased interest in the use of systems thinking tools and system dynamics 
models in the context of exploring and quantifying the returns to prospective intervention options in agricultural 
and livestock value chains. System dynamics models provide virtual laboratories to conduct ‘‘what-if’’ analysis 
of alternative scenarios and policy options that take system interactions and evolution into account. They thus 
complement more traditional qualitative approaches to the analysis of value chains (see for example Springer-Heinze 
2018) by providing a more detailed and forward-looking analysis of drivers of system change, utilizing secondary 
data to parameterize certain types of system-level data (Rich et al. 2011). Within CGIAR, the International Livestock 
Research Institute (ILRI) has spearheaded the development and application of such methods in its value chain and 
animal health research. More recently, collaboration with and use of these tools in value chain contexts has been 
taken up by the International Center for Tropical Agriculture (CIAT) and the International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), while other centres such as the Center for International Forestry Research (CIFOR) 
have previously used system dynamics in other applications including land-use planning (Sandker et al. 2010). 
Participatory processes have long been a part of the development of system dynamics models. These include 
methods such as group model building (GMB) that construct models directly with stakeholders (Vennix 1996). 
Lie et al. (2017) pioneered the use of GMB in a value chain setting to develop a model of the dairy value chain in 
Nicaragua with stakeholders to explore and quantify the impacts of improving feed quality on market dynamics in 
the value chain. Newly developed participatory tools (spatial group model building, or SGMB) can also be used 
to explicitly address the spatial aspects and drivers of livestock systems (Rich et al. 2018). The use of participatory 
geographic information system (GIS) tools within SGMB is particularly useful in helping stakeholders visualize 
system phenomena, improving the quality of information collected and facilitating greater participation in focus 
group sessions. SGMB is being implemented in current ILRI projects in India (Bihar), Bangladesh and Myanmar in 
the context of identifying sustainable, pro-poor interventions, and has proven valuable in engaging with value chain 
stakeholders (Mumba et al. 2017). 
The use of participatory processes significantly eases the burden of conducting extensive value chain surveys, 
which are resource-intensive and often inadequate for obtaining dynamic, evolutionary data of system change. As 
highlighted by Lie et al. (2017), GMB sessions, complemented with strategically placed key informant discussions 
and secondary data, can reveal a significant amount of data on value chain structure and dynamics, while their 
iterative, consultative nature can improve internal validity in model results. The use of SGMB and participatory GIS 
tools further enhances the facilitation process and allows greater insights on various dimensions of system evolution.
While these methods present an exciting way to conduct participatory research, their broader dissemination to a 
wider audience and new generation of trainers is needed. To this end, this course, ‘Systems thinking and spatial 
group model building,’ formalizes the methods, tools, and applications necessary to apply systems thinking and 
spatial group model building in a variety of contexts. This course is meant to be adaptable and flexible from both 
a content standpoint and from a delivery one, with methods provided for a mix of learning methods, ranging from 
traditional face-to-face administration to exclusive facilitation with online platforms. A wide range of audiences, from 
practitioners, policymakers, researchers, students, and community leaders can benefit from this training. This course 
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was given internally at ILRI in July 2020, and to partners in Timor-Leste, Senegal, and Ghana to support participatory 
systems research on animal health. 
This guide accompanies a set of slides for trainers. It provides some tips and background needed to facilitate the 
lessons and messages found in those materials for trainers and to facilitate participatory sessions. Trainers are 
expected to prepare themselves well for this training, going through the materials, working through the examples, 
and keeping notes both before and during training to maximize its impacts. This guide is written in an informal 
manner with a lot of narrative and descriptions that can be used while giving the presentations. The author is aware 
that both the reading – and writing! – of participatory processes can be quite dense and pedantic, but please be 
assured that its implementation in practice with stakeholders and client groups is a lot more engaging and fun!
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2 What this course is and is not: General 
expectations and tips
Fundamentally, this course is about the application of participatory systems modelling to co-understand common 
problems and co-construct models to generate common solutions with stakeholders. It equips prospective trainers 
and SGMB facilitation teams with the means to look at and break through complex problems through the lens and 
vocabulary of systems thinking and the toolkit of spatial group model building. Its objectives for trainees, as stated in 
the course slides, are as follows:
1. Help participants develop an understanding of systems thinking and how to put causal relationships together 
qualitatively using system dynamics language.
2. Provide facility in the use of participatory GIS and facilitation tools to develop a system model structure with 
stakeholders (including online tools).
3. Give participants tools and practice in organizing and administering a group model building session. 
For the training of trainers, this course is typically given in its entirety over a three-day period in offline settings. For 
online administration, we have adjusted this over a six-to-seven-day period of smaller, 90-minute sessions.
A few caveats about the course and its expectations:
• This course should be administered by those that have already themselves been trained and have applied 
SGMB in the field. This is not intended as a self-study course for those with no exposure to systems thinking or 
SGMB.
• The course will not make you (the trainee) a quantitative modeling expert. Its primary audience is those who 
will facilitate the application of these tools and team members that will assist. As we will state repeatedly, it is 
not the job of the facilitator to do everything! Accordingly, we have kept the discussion on model building at a 
conceptual level. 
From this course, we would expect that trainees and participants would obtain the ability to conceptualize a 
qualitative model with stakeholders and be able to facilitate some probing of trends, causal relationships, and data 
gathering with them. However, the full parameterization and coding of models into system dynamics software 
(STELLA, Vensim) is outside the scope of this specific course. This gap can be remedied by either (i) engaging with 
an already-trained modeling expert as part of the facilitation team or (ii) the parallel or subsequent training of a 
prospective modeler in system dynamics modeling tools (see Hamza and Rich (2015) for an excellent example of 
courses administered by ILRI).
The course is designed to be interactive, whether administered through traditional in-person means or through 
blended learning techniques. Systems thinking is not something that can be memorized or done through rote – it 
takes practice, interaction, and collaboration to develop good intuition for users. A reason for insisting that the 
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course is to be administered by those already trained is that they will have already had the practice in using these 
tools previously as trainees and practitioners.
Because of the need for interaction, participant numbers for the course should be kept low – fewer than 10, and 
ideally between six and eight. Larger numbers of trainees will make feedback sessions and group work more 
cumbersome from a time perspective, while at the same time making it less likely for all participants to get the full 
richness of the learning experience.
From a teaching perspective, as much as possible, one should not try to administer the course individually. Team-
teaching the course with those who have been trained earlier is ideal – it provides a new face on materials, shows 
participants the virtues of group dynamics, and helps instructors stay fresh. For online administration, this is 
especially critical – we’d envision a training team of at least three people to handle different tasks (facilitation, online 
materials, chat).
Don’t rush the teaching. For offline training, the course is aimed to be administered over a three-day (offline) period 
to give maximum time for feedback, participation, and practice. For online learning, a greater number of more 
focused sessions is a preferred mode of administration.
• Preparation of worked examples and materials is essential – we will give some guidance in this document 
but be sure to review and work through them yourself. As possible, if you have not administered this course 
before, an informal practice session can help to iron out any kinks. 
• Above all else – be open and excited about these tools and have fun! Take lots of photos and document 
areas for learning and further exploration.
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3 Tools: Offline and online
Early versions of this course and the delivery of SGMB sessions in 2019 relied exclusively on traditional in-person 
modalities, using a combination of Powerpoint presentations, the liberal use of a whiteboard and flip charts for 
examples, the application of participatory GIS tools as found in LayerStack, and short demonstrations with system 
dynamics software to run some basic simulations of concept models. Given the tactile experience with LayerStack 
and the nature of participatory processes, particularly in developing countries where infrastructure and technical 
literacy cannot be taken for granted, this form of both course (training of trainers) and session (spatial group model 
building) administration is preferred where possible. 
For offline administration of training, please have the following tools ready:
• Whiteboard + markers
• Flip chart paper (10 sheets)
• Layerstack kit (includes markers, blue tack, coloured paper) or another participatory GIS toolkit. Where this 
is not available, a set of plastic acetates (A2 or A3) or proxy (e.g. overhead transparencies, plastic sleeves for 
holding paper) will be needed (at least six in A2 size) plus coloured paper (B5 size, 50 sheets per colour X 5 
colours). 
• A couple of base map(s) of regions for practice with Layerstack. A single large map can be printed in A2 
(ideally) or two smaller maps at different resolutions in A3 can be used.
• Extra pens, paper
• Flip chart paper
• Notepads
• Tape or blue tack
• Post-it notes
For offline courses, it is nice, but not mandatory, to have a laptop with system dynamics software (either Stella 
Architect or InsightMaker) and a projector to show some models developed in the class (especially on Day 1). But this 
can be done entirely on the whiteboard too. 
The arrival of COVID-19 in early 2020 has complicated the traditional delivery of focus groups and participatory 
processes, challenging us to develop and employ blended learning techniques to deliver either an exclusively 
online-only course/session or a mix of offline/online techniques depending on logistical issues encountered by 
trainees and/or session participants and facilitators. Thankfully, a number of freely available software platforms help 
to ease the ability to administer both training and SGMB sessions. These are described below:
• Microsoft Teams: The deployment of Microsoft Teams in recent months has significantly eased the online 
administration of meetings. Through an intuitive use of channels that can host invitees and the ability to store 
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files and use chat as an additional means of communication, we propose its use as an essential platform 
for verbal communication and visualization of web pages (through screen sharing) in one place. A very 
good alternative to Teams is Zoom, which has similar multi-stakeholder capacity and the ability to convene 
‘‘breakout rooms’’ for small groups, though this feature is supposedly coming from Microsoft Teams soon (see 
https://myteamsday.com/2020/04/17/breakoutrooms-in-teams/). Our experience is that Zoom is slightly 
more stable in low-bandwidth environments, though lacks the ability to store files that Teams has. Either 
platform works well.
• Google Jamboard is a web-based platform for real-time collaboration/brainstorming. Because much of what 
we do in an SGMB session involves putting ideas and concepts on a whiteboard or wall, Jamboard provides a 
very simple, intuitive way of putting sticky notes and linking/clustering them together with colours or freehand 
text in a shareable fashion with stakeholders. A good alternative to Jamboard is Padlet. While the interface is 
perhaps less intuitive than Jamboard, it provides more space and styles for brainstorming. However, the free 
version of Padlet is limited to three canvases and its use might be better deployed for other purposes (see 
next bullet point). For prioritization/voting, Teams has a feature to facilitate this; this can also be done through 
programs like Menti as well. 
• Padlet is a very useful resource for storing course materials and we have used it at ILRI in past training sessions. 
See for example https://ilri.padlet.org/krich20/tqowjkhm2h2iaksc (currently password protected: 
ILRISGMB2020).
• Vecta.io is a new, free online editor for collaborative graphics editing. What is especially handy with Vecta is 
that it mimics the participatory GIS feature of Layerstack by including a useful layers feature whereby layers of 
information can be overlayed on top of one another. These layers can further be purposed onto a base layer 
map – as with Layerstack – essentially creating a virtual version of our offline collaborative mapping exercise 
and digitizing results automatically. As noted later, there are a few quirks of Vecta that require some caution 
with full online collaboration, but it can be used effectively to transpose collaboration digitally in real time. 
As noted later, we have further experimented with Jamboard for exclusive online-administration and found 
greater success with collaboration on maps, although Jamboard lacks the layering capacity that Vecta has.
• While this course does not require the use of system dynamics software, providing a sneak peek into how 
these models work can be helpful from a training of trainers purpose (and even sometimes for SGMB sessions 
themselves). At ILRI, we rely on Stella Architect as our workhorse modeling software, given its ease of use and 
ability to host models and interfaces online. InsightMaker is a web-based system dynamics software package 
and can be used to develop initial concept models, as well as providing a low-cost (free) introduction to 
system dynamics modeling on a platform whose syntax is easily portable to Stella. Vensim has a free PLE for 
doing system dynamics modeling and a good causal loop diagramming feature for transcribing such diagrams 
digitally. 
• One important consideration for the online administration of an SGMB session is managing access and 
control of digital materials. While both Jamboard and Vecta allow the full, real-time collaboration with groups, 
gatekeeping this process in an orderly fashion is critical, so that participants take turns and good facilitation 
techniques that ensure proper participation by contributors are maintained. We have found that Jamboard 
works well for real-time collaborative access, while Vecta is more ‘quirky.’ In the relevant sections that follow, 
we’ll flag where these types of issues may arise and identify some suggestions for how best to proceed. There 
is no ‘right way’ of implementing these new online delivery processes – this further speaks to the fact this is a 
living document with best practices to be documented over time in subsequent editions of this manual. 
• A further thing to note is the level of technological sophistication of your client groups (be it trainers and/or 
stakeholders) for SGMB sessions. This will influence how you deliver both a training course and SGMB session, 
and in managing access for collaborative tools. Make liberal use of simple, low-tech tools as much as possible 
– chat functions in Microsoft Teams and Zoom are very useful and easy to employ on a variety of devices 
(phones, tablets, computers) and with limited bandwidth requirements. Don’t overwhelm with technology 
and be prepared to adapt/simplify.
• With online materials, be sure you set up links for Jamboard, Vecta, Teams, etc. well in advance of sessions, 
including invitations for your trainees and stakeholders. Be sure you provide editing access to teams and 
trainees to avoid any delays in online collaboration.
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4 Content notes
What follows are specific notes and tips for the course slides. Not all slides are covered, as some are fairly self-
explanatory, while we provide considerable details for particular slides associated with technical matters, worked 
examples, etc. 
Table 1 below provides a suggested schedule for course (training of trainers) administration in both offline and 
online modes. The standard offline course takes place over a period of three days. For online administration, 
eight (8) sessions of 90–120 minutes are envisioned. These can be conducted over eight consecutive days or for 
intensive courses, a morning and an afternoon session, over four days (or some combination of morning/afternoons, 
depending on participant availability). 
Table 1: Proposed schedule for SGMB training of trainers
Session title Offline timing Online timing
Introduction to systems thinking (1): 
concepts and examples of causal loop 
diagrams (CLDs)
Day 1: 0900–1030 hrs Day 1 (90 minutes), part of Day 2 (30–45 minutes)
Introduction to systems thinking (2): 
examples of systems models
Day 1: 1100–1300 hrs
Principles of group model building Day 1: 1400–1600 hrs Part of Day 2 (45–60 minutes), omitting some of the 
examples
Implementation of SGMB: Planning and 
icebreaking activities
Day 2: 0900–1030 hrs Day 3 (90 minutes)
Implementation of SGMB: Participatory 
GIS principles
Day 2: 1100–1300 hrs Day 4 (90 minutes)
Implementation of SGMB: Problem 
prioritization, causes, and consequences
Day 2: 1400–1530 hrs Day 5 (90 minutes)
Implementation of SGMB: Concept 
models
Day 2: 1600–1730 hrs Day 6 (90 minutes)
Implementation of SGMB: Agenda and 
workbook development
Day 3: 0900–1100 hrs Offline in small groups; quick review (20 minutes) 
before subsequent session
Further practice with SGMB methods 
(small groups)
Day 3: 1100–1600 hrs As needed (60–120 minutes) in small groups (can be 
repeated).
Session 1: An introduction to concepts of systems thinking
Timeline: For offline settings, this session should take an entire morning, from 0900 to 1300 hours with a short 
break in the middle. Budget 90 minutes (0900–1030 hours) for slides 1–39, followed by a 30–minute break. From 
1100–1245, you’ll do a plenary exercise (~20 minutes), a group exercise (~20 minutes + 15 minutes feedback), and 
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a worked example on adoption (~30 minutes), with 10–15 minutes at the end for questions. Give yourself a little bit 
of slack on timing if you have not done this before; thus, budget time until 1300, but note you will probably finish 
sooner unless there are lots of questions. 
If you do this online, split this into two sessions over two days. Attention spans, especially given the density of these 
materials, are likely to wane after about 90 minutes. At the very least, split this over a morning and an afternoon. 
Session 2 can then be condensed and will not cover all of the examples – that’s OK. 
Slides 1–4 are pretty self-explanatory. For slide 1, replace ‘XXX’ with the name of the trainer. 
Slide 2 starts with an icebreaker (literally!). Introduce yourself and follow this with a round of introductions before you 
start through a Hopes and Fears exercise. This is facilitated with either post-its (two different colours – colour paper 
with blue tack also works) or if online with Jamboard. For face-to-face administration, hand two post-its/pieces of 
coloured paper (one of each colour) to each participant. Instruct them to put one hope they have for the session on 
one colour, and one fear on the other. Give them 1–2 minutes to quietly do this. Ask every individual to introduce 
themselves and have them read out their hope and fear and stick them on the wall (have one side for hopes, the other 
for fears). 
Online, open a Jamboard link and share access with all participants (be sure you’ve set up all links – and provided 
access to participants – in advance!). Show them quickly how Jamboard works in terms of the use of sticky notes and 
changing their colours. Set one side of the Jamboard for ‘hopes’ (put in one colour) and the other side for ‘fears’ (in a 
different colour). Then, ask participants to think of one hope and fear and give them 1–2 minutes to reflect (but not to 
put anything online yet). Go around the online ‘room’ and have each person introduce themselves, post their hope 
(in the hope colour), and their fear (in the fear colour). Repeat person-by-person – do not let this be free-form. 
After you finish, you can note to them that they just did a technique used to facilitate SGMB sessions and introduce 
what’s coming from slides 3 to 6.
Slides 3 and 4: Carefully note the listed expectations – some of the caveats on page 2 of this document can help 
to get these messages across. A good adult learning technique is to be upfront about what participants will get 
from this. Always be open, engaging, and try to have fun with this! Slide 5 provides some housekeeping on where 
materials are housed, while Slide 6 highlights the online tools that will be used.
Slide 7 presents the community of practice so far – we would naturally like to see this spread over multiple slides in 
the future!
Slides 9 and 10 set the stage: Why systems thinking, particularly in the context of value chains? For non-value chain 
applications, adapting these slides might be helpful. For instance, in animal health, getting across the message about 
how disease risk is mediated by a variety of economic and non-economic factors, incentives, behaviour, etc. and 
that knowing and understanding where ‘weak links’ reside is critical for disease mitigation. This is also an area where 
system dynamics can help us. 
Slides 11 and 12: Some history on system dynamics. No need to dwell too much on this. The bottom of slide 
11 gives the summary of what system dynamics is, while slide 12 shows its evolution since its start in the 1950s. 
System dynamics started in the industrial engineering world but has broadened out to issues of management and 
organizational change, demography, environment, economics, and so forth. Emphasize that what makes system 
dynamics interesting is because it is multidisciplinary, bringing together diverse disciplines under a common 
language (that of system thinking tools) using a visual modelling interface to ‘speak’ that language to different 
groups. 
Slides 13-17 detail the building block concepts of systems thinking. These are important so don’t rush them. Slide 
13 simply enumerates what they are, with the image (an animation) a graphical example of what they look like when 
translated into systems ‘language’ in our software. Remark that when we build our models, this is what they look 
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like – lots of figures that illustrate our systems (with code in the background). By distilling our intuition into a graphical 
modelling architecture and language, it is easier for us to communicate across and with different groups. 
Slide 14 defines stocks. Stocks are a collection of stuff at a specific period of time. ‘Stuff’ can be tangible (stock of 
animals on a farm) or intangible (a stock of knowledge). The important thing is that there is some proxy for quantifying 
that stock ( e.g. a test might be one way of measuring knowledge). Stocks are time-bound. That is, the volume in a 
stock depends on what time it is and can be larger or smaller in future periods. 
I like to give an example using a glass of water (have this prop ready). Pick up a glass with some water (or juice) in it, 
and look at the time. ‘At X:XX, there is YYY ml of water in my glass. The stock of water at X:XX is YYY ml.’ In systems 
thinking language, we denote this as a rectangle with a label. 
Slide 15 goes to flows. Stocks cannot change by themselves. Something must cause stuff to enter or leave. Those are 
what we call flows. Go back to your glass of water. ‘At X:XX there was YYY ml of water in my glass. If I take a drink of 
water, at X:XX+1, there is now ZZZ ml of water. There has been an outflow of water from my glass into my belly.’ Pose 
the question – what if we wanted to increase the stock – what would we do? We would need an inflow of water, say 
from a pitcher or faucet. Now at X:XX:2, there is AAA ml of water.’
With stocks and flows, you can already talk about reference modes. Draw an X-Y axis on the board/whiteboard/
Jamboard. Plot three points of time: X:XX, X:XX+1, X:XX+2 on the x-axis. Plot the three levels of water in the glass on 
the y-axis. Tell the audience that this is an illustration of the dynamics of the stock over a short period of time. We can 
build reference modes of behaviours of stocks and flows that tell us what trends look like over time, things going up, 
or down or oscillating. 
Now onto Slide 16: converters. Converters parameterize the rate at which flows enter/exit a stock. Go back to the 
water example – solicit feedback on what kinds of things might influence the rate of entry or exit of water from our 
flows. Slide 17 gives an example – other inputs can be correct, of course. 
Slide 18 defines feedback. Feedback determines the dynamic process within a system (i.e. whether things increase 
without limit, reach a steady state, oscillate, increase then decrease, etc.).  Feedback loops can either be positive 
(reinforcing), or negative (balancing). Reinforcing loops amplify system behaviour – they either increase without limit 
or decay exponentially. Balancing loops by contrast counteract change and converge on some target. We’ll give 
examples in subsequent slides. Causal loop diagrams, or CLDs (Slide 19) are graphical illustrations of patterns of 
system behaviour, whose interactions and feedback loops are responsible for how systems evolve over time. They 
show both cause/effect relationships, as well as insights on where in the system there could be leverage points for 
change.
CLD links can either move in the same (or +) direction or in the opposite (or -) direction (Slide 20). There are no other 
options. Note the examples given. In the top picture, we read the link as ‘more sales lead to more profits,’ with sales 
linked to profits by an ‘s’ (or +), denoting the move in the same direction (we could also read this as ‘less sales lead 
to less profits’). In the bottom panel, we have vaccination linked to incidence of disease with an ‘o’ for opposite (or 
-) link: this is read as ‘more vaccination leads to less disease,’ (or less vaccination leads to more disease). Probe the 
class for a few other examples.
If you use Jamboard online (see details in Slide 21), note that you can use the freehand pen feature to both draw 
links and +/- symbols, with elements in the system as sticky notes. Also, on Jamboard, rather than erase your initial 
Hopes and Fears icebreaking exercise, open a new frame by clicking on the right arrow (see Figure 1 below). NOTE: 
Jamboard limits you to 20 frames in one file.
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Figure 1: An illustration on how to use Google Jamboard. 
We start with more details on reinforcing loops in Slide 22 using our CLD nomenclature. Reinforcing loops have 
either all ‘s’ (+) links or an even number of ‘o’ (-) links. In Slide 22, we read this CLD from the top as ‘more customers 
leads to more sales, which leads to more profits, which in turn leads to more funds for investment (for instance in 
advertising), which leads to more consumers, and so on. Invite the class to give their own example – use the board 
(or Jamboard) to facilitate.
Slide 23 gives another example, this one with an even number of ‘o’ (-) links. Starting again from the top, an increase 
in workload decreases (note the ‘o’ link) coping ability. The less you cope, the more (remember, an ‘o’ link, so the 
opposite effect!) errors you make. With more efforts come greater strain on management, who in turn increase one’s 
workload. Again, facilitate the participants to see if they can come up with their own example.
Slide 24 illustrates the behaviour over time for a reinforcing loop – either exponential growth or delay. However, 
you could get something like the right panel, where there is exponential growth followed by delay. How might that 
happen? Slide 25 redraws Slide 21. Try to get participants to think of things outside the system that might influence 
any four of the system attributes and talk through the logic. For instance, what if there was a media report talking 
about the negative health effects of your product? What would that do to customers? Then, walk through the CLD 
again. Slide 26 summarizes this – external shocks with ‘o’ links that reduce customers, sales, etc. all could change the 
direction of your causal loop diagram, one from a virtuous cycle to a negative one. 
As noted in Slide 27, we call these external influences ‘dangles.’ Dangles can be exogenous (as in the previous 
example) but they can be policy levers too (and need not just be ‘o’ links). With the class, think of some external 
shocks (both + and -) that could influence this loop, causing growth to collapse and/or a new path of yet higher 
growth. 
Slide 28 starts the discussion on balancing loops. A balancing loop works differently than a reinforcing loop, in that 
behaviour in the loop converges to a target. Take for instance pouring a cup of coffee. You start with nothing in your 
cup and your target is to fill it up to the top. The gap between the target and the current volume of the cup is the 
capacity of the cup when you start (use props to show this). To reduce this gap, you take a physical action, namely 
pouring coffee in the cup (pour it say, halfway). This increases the amount of coffee in the cup and decreases the gap 
between the target and what’s now there. With the reduction in this gap, as I continue fill up the cup, I need less and 
less physical action, which lowers the incremental rate of increase of coffee into my cup, until the gap between the 
target and actual amount is zero, in which case I stop pouring. 
Ask the class what the behaviour over time would be for a balancing loop, based on the coffee example (draw on a 
whiteboard or Jamboard if needed). The answer on Slide 29 shows a gradual convergence to a target. 
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Slide 30 addresses delays. Delays arise when there is some lag between an input and its respective output. Ask the 
class for some examples of processes that might have delays (e.g. biological delays in animals, delays in delivery, 
delays in effectiveness of a vaccine). Ask further for the hypothesized behaviour over time (the answer is animated 
when you click on the slide again). As a delay is a balancing loop with a delay in one of the links, the behaviour we 
observe is that of oscillation, undershooting and overshooting a target. Sometimes there is convergence, but not 
always – think of hog cycles for example. 
We give a further example of a delay using the balancing loop on Slide 31. Consider the process of taking a shower. 
You have a target temperature you’d like to reach in mind. You turn on the tap – what happens? Too cold – there’s 
a high gap between the target and the actual temperature. So, what do you do – you turn on the hot tap. What 
happens? Likely, still nothing, so you turn the hot water tap more. What happens – too much hot water, yikes! There’s 
a delay between when you turn on the tap and when the desired result happens. Yet another gap between target 
and actual, this time too hot. You subsequently adjust the taps, a little cooler, then maybe a little hotter, until you 
finally get there. Does this look like the picture in the previous slide?
This is a good time to take stock of where the class is – ask for questions and give a few minutes for everyone to catch 
up. 
The next set of slides cover system archetypes. A system archetype is a pattern of behaviour caused by the interaction 
of different types of feedback loops at the same time. They should be viewed as guiding our intuition, because as 
systems get more and more complex, with lots and lots of feedback loops, it becomes difficult to untangle which 
loops drive the system – this is why we do simulation. However, for simple models, or in the development of starting 
models, they can be helpful to put patterns of interactions together and to triangulate that with the knowledge given 
by our stakeholder modeling sessions.
There are a lot of different archetypes (see Sslide 32) and the point of our training is not to go through them all. It is 
also important not to be mechanical about them and apply them blindly like a recipe. Rather, they should be looked 
at as guiding our intuition, but not something that is normatively followed. We’ll do two or three simple examples of 
archetypes to give some further practice with CLDs. 
The first archetype is called ‘limits to growth’ (Slide 33). It is the interaction of a balancing loop and a reinforcing loop 
(see CLD on the bottom left corner). The behaviour it generates (graphically) is ‘S-shaped growth’ (see upper left 
panel). Initially, the reinforcing loop dominates the system, causing growth to accelerate exponentially. However, 
over time, the system typically runs into hard constraints (in the CLD, we reach capacity constraints) that cause the 
balancing loop to kick in, arresting the rate of growth and causing it to reach a plateau given the limits imposed by 
the balancing loop. In such situations, it is important to understand what the drivers and limits imposed by these 
interactions are as a means to try to ‘break through’ these limits. In the CLD on Slide 33, how might we address these 
limits? Hint: consider ways of raising resource capacity – how might these be achieved? Can you draw a new CLD 
that shows how this might look?
Slide 34 gives another example, based on the reinforcing loop used earlier. The interaction of this loop and the 
balancing loop on market share will also cause S-shaped growth. Initially, as the number of customers rise, so too do 
sales, profits, and investments. However, as the market gets saturated, with market share increasing as a proportion 
of market size, the ability to attract more customers falls, slowing the growth in customers etc. and causing the 
system to plateau. Are there any ways we could break this cycle? And (if you click to Slide 35), what happens if other 
drivers (dangles) like regulation intervene? Would regulation act as a further break to the system? How? Are there 
mitigation strategies to deal with regulation? 
Slide 36 introduces a second archetype – ‘fixes that fail.’ Here, we have a different interaction of a balancing loop 
and a reinforcing loop. In this case, ‘fixes’ applied to solve a problem have two effects. In the short run, they reduce 
the severity of the problem (as noted from the balancing loop at the top). However, fixes also have unintended 
consequences, but which only manifest with a delay. This reinforcing loop: the more fixes -> the more unintended 
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consequences (with a delay) -> the worse the problem causes a resurgence in problems later on. Such situations can 
be addressed by looking more closely at the root causes of a problem, rather than short-term fixes, and increasing 
awareness of potential unintended consequences. 
 (Note: in the online course slides these have been omitted for brevity). The example is maintained here, however, 
with the omitted slides placed at the end for reference. 
These omitted slides detail a third archetype called ‘accidental adversaries.’ The way this works is as follows:
• First, we have two parties, A and B.
• A and B want to work in partnership, as the benefits to working together reinforce each other’s success. If we 
look at the first reinforcing loop (R1), we see those potential benefits quite clearly: A’s work with B leads to B’s 
success, which leads to more collaboration with A, which leads to A’s success. What’s not to like?
• Individually, both A and B take actions to fix any internal problems that could arise (possibly from external 
causes). The less success either are having, the more they need to fix problems, which improves their 
individual success. These are balancing loops B1 and B2 for A and B, respectively. 
• However, when A and B fix their own problems, those fixes have unintended consequences on the other. The 
more they apply fixes, the more unintended consequences they create. These obstructions subsequently 
reduce the success of the other, creating a second reinforcing loop (R2). Working through the logic: the less 
A is successful, the more it takes actions to improve its results. As A does this, it increases the unintended 
obstruction of B’s success, which reduces B’s success. As a result, B then takes more actions to improve its 
own success, which in turn increase unintended consequences that reduce A’s success. A then takes more 
actions to improve its own situation, causing this loop to accelerate. 
• For this partnership to be successful, the key is for the joint drivers of cooperation to dominate individual ones. 
This could arise from the development of joint goals and metrics for performance, greater awareness of the 
consequences of individual actions, and an understanding of drivers of adversarial behaviour. Slides 37 and 
38 give some CLD pointers – these are pretty self-explanatory. When building CLDs, it is important to identify/
say ‘What causes this?’ ‘What is this driven by?’. Using nouns for relationships is important as is keeping those 
nouns ‘neutral’ as to whether they increase or decrease. It is the role of the arrows and s/o (or +/-) to tell us 
whether things increase or decrease. It’s also good to emphasize that these take practice and are never ‘done’ 
– there’s always time for further reflection later. 
Recap – reiterate where we are in Slide 39. This is what we’ve done so far so that participants can understand what 
we’ve covered so far. 
Whew! We’re now at a good time for a break. Take 10–15 minutes to let participants digest what they’ve learned. 
After the break, we’ll work through a couple of CLD examples, one in plenary, the other in small groups. For online 
administration, this will likely be where you stop for the day. 
Now for an example. I like the one in Chapter 5 of Dennis Sherwood’s book on the competition for resources (this 
is also an archetype by the way, though this example has more structure). The text that follows works through the 
example, with the slides animating the construction of the CLDs step-by-step. 
Here’s the initial CLD (based on Sherwood 2002, figure 5.19) shown in Figure 2.
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Figure 2: An illustration of the construction of a causal loop diagram (CLD) to highlight resource conflicts. 
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My fear that you will not
leave enough resources for me
Your consumption of resources
Your need
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Your fear that you will not


















We can facilitate this in three ways. The easiest way is to follow the animated slides (Slides 41–44). However, if you 
so desire, you can build this from scratch. In offline settings, you can either use a whiteboard/flip chart or if you have 
Stella Architect/Vensim set up, you can have a fellow team member project the development of this CLD in real-time. 
Be sure to start with the model prepopulated as above first (if using a whiteboard/flip chart, draw the CLD during the 
coffee break). Online, again you could share your screen with Stella Architect/Vensim (again by someone that is not 
the facilitator) or use Jamboard. 
Let’s walk through the CLD. First, we have two individuals, you and me (you could say A and B also). You and I have a 
need for resources. These are driven by an external dangle on goals that drive these needs. Our need for resources 
influences our consumption. The more we need resources, the more we consume. My consumption (and yours) of 
resources lowers the total amount available, with this competition further constrained by total resource capacity. 
This in turn raises (note it’s an o/- link) my fear that you will not leave enough resources for me (and vice-versa). This 
increases my need for resources and consumption in the future (the same loop holds for the other person). Each of 
our quests for resources are thus driven by a reinforcing loop (R1 and R2), which serves to deplete the resource base.
There are two dangles: goals and total resource capacity. Your goals and my goals further influence needs for 
resources: the more I want to achieve my goals, the more my need for resources. If resource capacity increases (e.g. 
from discoveries), this will increase the amount of resources left available. 
What are some of the outcomes from this that we can explore (and diagram)? The most obvious is conflict. Where 
would conflict come from? We could think out of fear – as my fear that I’ll run out of resources rises, so too does the 
potential for conflict. Conflict itself won’t change the amount of resources left available, though, but it will influence 
the numbers of those competing for resources. More conflict leads to less numbers competing, with less numbers 
competing leading to more resources left available. Figure 3 shows a CLD illustration of the conflicts arising from 
needs that compete for resources.
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Figure 3: Illustration of conflicts arising from needs that compete for resources.
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But is this the only foregone conclusion? If so, we’d always be in conflict! One way that we have learned to manage 
conflict is through the development of institutions. If instead of conflict, we have an impartial third party with 
authority to resolve conflict (that parties agreed with), we could come to a new outcome. What might that look like? 
Well, instead of conflict as before, there would have been instead some sort of arbitration or ‘appeal to a higher 
authority.’ The outcome of that higher authority would be two-fold. First, it would serve to police resources to affirm 
its decision. Second, that decision would have an impact on the consumption of resources of both parties. See the 
Figure 4 below.
Figure 4: An illustration of the impacts arising from the development of institutions to address conflicts over resourc-
es. 
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Not all institutions are top-down ones; institutions can also derive from bottom-up perceptions that cooperation, 
not conflict, is needed. We can consider the implications of that in Figure 5 below. First, my fear (and your fear) 
that the other will not leave enough resources could serve as the impetus for a process of recognizing the need for 
cooperation. 
Figure 5: An illustration of the impacts arising from development of institutions that address the need for cooperation. 
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Next, this joint perspective could give way to a process of participating in a joint goal-setting process by each 
person, which in turn will reduce own goals in lieu of joint ones. Mutual trust – shown in Figure 6 below as a dangle 
– could further influence this process of cooperation. We could think of ways that mutual trust could be part of an 
endogenous learning process too (a challenge for the trainers!). Finally (not illustrated here), we could consider a 
process by which cooperation leads to a search for new resources (how? Consider linking this to goals – the more I 
achieve my goals, the more I search for new resources, which in turn increases total resource capacity).
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Figure 6: An illustration of the impacts of joint goal setting to address conflicts for resources.
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[Optional – time depending. For the next exercise, divide the team into small groups (say two or three). If offline, use 
a piece of flip chart paper or whiteboard space. If online, create a breakout channel in Microsoft Teams (or Zoom) 
to allow groups to interact. Have a specific Jamboard link ready for each team. Prepare in advance a set of problems 
that are topical to the types of teams being trained. For value chain practitioners, think of a value chain problem (e.g. 
access to credit, low productivity, access to markets). For animal health, consider the impacts of a specific disease. 
Follow the guidance on Slides 37 and 38, specifically these points:
• Start somewhere interesting: Ask ‘What are the key external drivers? (of this problem)/What are the key results 
(or put differently, what are the consequences of this problem)? 
• Ask ‘What does this drive/cause?’ and ‘What is this driven by?’
• What are the key items related to the problem wanted to be solved (these are your possible leverage points)?’
Give participants 30 minutes for their CLDs (10 minutes per problem X 3 runs), with participants taking turns as 
facilitator/board writer (this is one exception to the rule!) and contributors (audience). For a group of three, it is ideal 
if each person gets one turn at facilitation. Stick to time – have a timer to keep track of time. ]
The last set of slides covers one more applied example. So far, we have focused on the development of CLDs, but 
have not used other parts of our systems language vocabulary such as stocks and flows. In this final example, we’ll 
do just that, facilitating the development of a system dynamics model of product adoption. This is a great example 
– it’s fairly simple and something that can be understood by people from a variety of different fields, from the social 
sciences to natural sciences. It is based on Frank Bass’s model from the late 1960s.
The model (Slide 45) considers the process by which new products or ideas diffuse in a population, like technology, 
extension, etc. In the model, we have two populations:
• Potential adopters, who have not adopted a technology
• Actual adopters that have adopted a technology
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What would influence the adoption decision? Solicit some feedback from the class. 
To keep the model simple (Slide 46), we consider two drivers of adoption: peer effects, or word of mouth, and 
advertising. Ask: what are the drivers of those? What types of factors influence word-of-mouth dissemination and 
what affects advertising?
Now it’s time to use our systems thinking language. In Slide 47, we ask some leading questions that we will illustrate 
using Stella Architect images (as found on the slides). Namely, we want to know:
1. We have two populations (potential adopters and actual adopters) – how would we represent this in system 
dynamics? (What would they be: a stock, a flow, or a converter?)
2. How do we consider the transition of populations i.e. from potential adopters to actual adopters? Is this a 
stock, flow, or converter?
3. How do we represent the drivers of adoption – are they stocks, flows, or converters?
Go around the room and get input on these. 
Slide 48 gives the answers to these – it is animated, with each answer followed by the image in Stella. Note that the 
image in Stella is actually a model – there are equations and relationships built in here that parameterize things, but 
the graphics are how we represent the model. 
Slides 49 and 50 are similar with respect to drivers of advertising and peer effects, respectively, and should be self-
explanatory. Before showing the figure, get feedback from participants as to whether things are stocks, flows, or 
parameters, and why.
Slide 51 shows a prospective run from the adoption model. You’ll see that it generates S-shaped growth. What type 
of system archetype is this (answer: limits to growth)? What are the balancing and reinforcing loops in this model that 
create this behaviour? See Figure 7 below (without the polarities, i.e. s/+ or o/-, can you fill these in?). The balancing 
loop comes from the depletion of potential adopters through both adoption from advertising and peer effects. 
The more potential adopters, the greater adoption from each pathways, meaning fewer adopters the next period. 
By contrast, as actual adopters increase, the more they adopt from peer effects, increasing the adoption rate and 
number of actual adopters. 
Figure 7: A CLD of a product adoption model. 
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Consider discussing some extensions to this model as noted on Slide 51. You likely won’t have time to do these, but if 
you have a few minutes, discuss aloud what those might look like. 
That’s all for the worked examples – it’s now time to start wrapping up. Slide 52 shows a summary of the process 
we take in our model building – the idea of modularity. The idea in this slide is to illustrate how different parts of 
a system fit together but also have structure of their own that needs to be fleshed out. The adoption model we 
just did is an example of a module. What would adoption link with in an agricultural or livestock system (possible 
answers: investment, production)? What would link to adoption (possible answers: profitability, market access, 
access to credit)? In our model-building process with stakeholders, we’ll be building individual modules that we’ll 
put together to see how they interact and influence system behaviour based on the introduction of different types of 
interventions. 
That’s all for the first session; the next session will take place after a well-deserved lunch break! 
Session 2: Principles of spatial group model building
Timeline: offline, this session should take roughly two hours (1400–1600 hrs), including a short break. Do slides 1–30 
over a 45-minute period (1400-1445 hrs, though it will probably take less time), followed by a 15-minute break. 
The remaining slides (examples of application) should take about an hour to present. Invite plenty of feedback and 
questions. This session is a little bit lighter than the previous one, giving participants a little bit of a breather for the 
next two days, which will be heavy on hands-on practice. 
Online, experience has been that we get through the first 30 slides in 30–45 minutes and have time for one of the 
four examples. Choose the one that best fits the client group you are training. Note that for hosting the slides on 
Padlet, we have split this file into two. Slides 1–30 are on part 1 and the remainder on part 2 (we did this as there are 
file size limits on Padlet-hosted files that use the PowerPoint viewer). 
The session covers some background and principles of group model building and spatial group modeling building. 
The goals of the session are fairly modest – to give an overview and some examples that will set the stage for the 
following day’s activities to learn how to use it in practice (Slides 2 and 3).
What is group model building (or GMB)? GMB is a method of developing models with stakeholders. Jac Vennix 
developed much of the theory around GMB in the mid-1990s in the context of using system thinking with 
stakeholders to solve collective problems, while simultaneously trying to improve learning, collaboration, and 
consensus around jointly conceived solutions (Slide 5). It has been used quite a bit in organizational and managerial 
re-design processes, with some more recent application in the developing world (see some of the work that 
Hovmand and colleagues have done out of Washington University in Saint Louis, MO USA). 
More generally (Slide 6), GMB is a participatory process for:
• Identifying and prioritizing the key problems in the system
o The causes of these problems
o The consequences of these problems
• Feedbacks between consequences and causes
• Development of models from these sessions (qualitative or quantitative)
• Use of sustainable development principles and language (stocks/flows/feedbacks) to facilitate this 
discussion.
• Involvement of stakeholders in the model building process – this is critical to increase the effectiveness and 
ownership of the final product. 
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GMB is not the only way of using stakeholders in the system dynamics modeling process. There is excellent literature 
on mediated modeling (see work of van den Belt or Videira) that has many commonalities with GMB. The main 
differences tend to be on applications (mediated modeling focuses a lot on environmental issues to date) and that 
stakeholder groups in mediated modeling sessions tend to be larger (Slide 7). 
Why do we do a GMB session? To recap Slide 8:
• Messy problems: Many problems are usually complex and not easily defined, making the interactions of 
stakeholders helpful in jointly conceiving solutions.
• In complex problems, individuals have a limited (or narrow) view of the problem (silo thinking). This gets at the 
previous point – by bringing in a diversity of perspectives within a system, it is easier to get a collective sense 
of ‘the big picture’ and a means to address complexity.
• Our mental models are limited by our individual ability to process information: again, as in the second bullet 
– collective knowledge improves what we can see, process, and share in understanding problems and their 
solutions.
• Difficulties in identifying multiple causes of complex problems their interconnections – again, reinforcing 
where groups and their collective perspectives can deconstruct these issues. 
Slide 9 gives an illustration of a very general GMB process. It is an iterative process that involves several (three to 
five) sessions, with lots of feedback/iteration/consensus, and the gradual transformation of group knowledge into 
conceptual and later simulation models to help identify, simulate, and agree on pathways for change.
Slides 10–13 illustrate the GMB process from some excellent work by Helene Lie in Nicaragua on the dairy value 
chain. The process involves the interaction of stakeholders (here, different actors from the dairy sector) in building 
and parameterizing models. In the next animation, we move from these discussions to a larger conceptual model, 
using the language of system dynamics. This (next animation) is transposed into a system dynamics model for 
conducting scenario analysis alongside stakeholders and later with a wider group of interested parties.
Slides 11–13 go further than this – our systems models can be hosted online. Slide 11 is the interface that you see if you 
go to the website below (if online, feel free to go to that link and show in real time). If you go to the different modules 
(Slide 12 shows the feed module), you will see what’s called a ‘storyboard’ feature. Here, Helene (the author of this 
work/interface) provides an annotated, step-by-step guide to how each module is built and how it works. In Slide 13, 
you see an image of one of the scenarios in yellow at the bottom of the interface homepage (here, Scenario 1) where 
you can run different scenarios, adjust parameters, run some sensitivity analysis, etc. Pretty neat, huh?
Slides 14 and 15 get at some design issues. Slide 14 gives a decision tree from Vennix (1996) on whether one should 
use GMB and what process to follow if so. Not all problems are amenable to either system dynamics or GMB, so 
don’t force this for everything! Those problems that are suitable have some sort of dynamic hypothesis, potential 
ramifications in the short- and/or long-run, and some knowledge of a reference mode of behaviour. If system 
dynamics is appropriate, it is also necessary to know what your expectation for it is, i.e. is it exploratory to understand 
and conceptualize a system (typically qualitative) or is it to run scenarios and explore pathways of change, in 
which case a more quantitative approach is needed. To use GMB, it is important to know whether there are willing 
stakeholders to be part of (and committed to) this process. 
Once the decision to use GMB is made, a critical decision point is whether to use what we call a ‘concept model.’ A 
concept model is a pre-conceived part or full model developed in advance of a modeling session. Using a concept 
model can obviously reduce the time it takes to conduct GMB sessions and allow a greater reliance on secondary 
data or data collection that does not require face-to-face interactions (use of prepared workbooks e.g. that have 
questions for participants to fill out). On the other hand, one of the benefits of developing models from scratch is 
getting greater ownership of that structure from stakeholders, especially where specific nuances might exist that 
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need further explication. Building a model from scratch takes more work in terms of resources/sessions, though as 
with a concept model, interviews, surveys, and secondary data remain important sources of triangulation. 
In the end, there is no ‘right way’ to use or not to use a concept model in a GMB session. A mix of methods might be 
appropriate in some circumstances. That is, one might start with a more traditional ‘building from scratch’ approach 
in one setting to get structure and information of a system where data is largely unavailable. Once that model is 
created, if one were to apply in another context, that base structure could be used and adapted (with fewer sessions) 
in newer contexts. 
Slide 15 gives some more specific design issues associated with GMB sessions:
• Small (5–12) or large (12+) group? This depends. Our experience with SGMB (the spatial component that 
we’ll describe in a moment) is that 10–12 participants is an ideal sized group. In Myanmar and Bangladesh, 
our groups were slightly larger (15–17) and in doing facilitation with maps, that size of group is harder to 
facilitate. Online, smaller groups are even better – our work in Ghana had a participant group of six to eight 
stakeholders, which worked well. 
• Type of participants/homogenous vs heterogeneous groups? In the value chain work where we typically 
apply this, we have aimed at a mix of groups from different nodes of the value chain, reflecting different 
production scales/education/technical abilities, and as possible ensuring gender balance. With the 
exception of work in Bihar, where our sessions were all male, we have largely been able to get appropriate 
gender representation/balance. Inclusion of community leaders and government is a delicate issue. For GMB 
sessions to work, you need maximum participation of everyone and our experience has been that where there 
are a couple of very dominant actors, it reduces the success of your session. We’ve also found that there are 
ways of dealing with such dynamics by ‘promoting’ such individuals to the reference (expert) group – more on 
this later.
• Level of model complexity needed: Problem conceptualization vs. full model development with clients/
stakeholders? This gets at what your objectives are from the model – is it a conceptual understanding that 
systems thinking can provide or something deeper that only a quantitative analysis can reveal?
Slides 16–17 talk about some limitations of GMB. An obvious one is that there are not many developing world 
examples, and very few in value chains (though this evidence base is increasing with our work at ILRI!). An important 
one is on replication – can we find ways to compare across contexts (note the reference to Scott et al. 2016 here)? 
And the question on scaling is also important – can we find ways to scale/apply these results across different 
contexts, rather than doing customized models all the time? Note the earlier comment on concept models – perhaps 
one way in the future would be to do a full GMB process to inform knowledge on what a specific system/problem 
looks like in a particular setting and then use that framework to engage with other stakeholders in a more rapid 
participatory process? This is an area of further inquiry.
Slide 17 gets to the heart of what we’re doing at ILRI – the nexus of space and GMB. In GMB analyses (and really 
in any value chain analysis), the spatial dimension is largely missing. This insight came out of a value chain training 
course that Magda Rich and I gave in India in 2015: namely, why don’t we consider how the value chain co-evolves 
with spatial and landscape dimensions? Why are we not considering stakeholder associations with place in our 
analysis? Why aren’t we considering the ‘where’ as a dimension for analysis instead of just the how, what, and why? 
As we were doing some work at the time on urban agriculture, we decided to put together a concept on what 
adding space explicitly in a participatory process would look like and creating a protocol for implementation. Thus, 
started the concept of spatial group model building, or SGMB. 
SGMB (Slide 18) gives the main concepts namely, it is about:
Grounding problems, causes, and consequences spatially – where do they fit? How do spatial attributes influence 
the type or magnitude of a problem, their causes, and consequences?
• Identifying spatial and temporal changes and their co-evolution – how do problems, causes, and 
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consequences change over space and time? Does the landscape mediate/co-evolve with such dynamics?
• Using maps and GIS concepts to facilitate model and system building through physical platforms such as 
Layerstack (and eLayerstack using Vecta) or other related tools – this is the real innovation. SGMB uses spatial 
attributes explicitly to facilitate participatory processes. This builds on a wide literature on participatory GIS 
(see Rich et al. 2018). 
The picture in Slide 18 is the first ‘Layerstack’ session, involving a small focus group that used a mock-up of a 
participatory GIS informed toolkit to understand urban agriculture in Christchurch, New Zealand. More on this 
example later. 
So, what is Layerstack? When we were developing SGMB (at Lincoln University in New Zealand), an important 
consideration in developing an implementation protocol was how we could use maps in our facilitation. While not 
everyone is perfectly geographically literate, almost everyone has an association with place. People always have 
mental maps that they use to characterize and associate with, that space. However, as much of our work was in the 
developing world, we needed a fairly low-cost, simple, and tactile way of engaging people that uses spatial thinking. 
A proper GIS (online or on a tablet) would be too complicated for many. On the other hand, GIS concepts (namely 
the use of layers to represent a specific dimension of data) are a powerful way to associate information to place. We 
thus conceived of a low-tech workaround – using plastic acetates on a base map where each acetate is a data ‘layer’. 
By letting participants add information to the layer, with pens, stickers, etc., we discovered a pretty powerful way to 
represent and store spatial information. 
The first Layerstack mock-up, on Slide 18, was nothing more than a piece of flip chart paper with a base map taped in, 
with plastic overhead transparencies serving as our layers. Later, we went to an art studio and bought an A2-size arts 
folder and some A2-sized acetates. Within the folder, we included a sleeve to put a base map, several acetate layers, 
and facilitation materials – pens, stickers, notepads, blue tack; everything needed to run a SGMB session. This initial 
version was dubbed SysPad and was tested in a mock trial in Sarawak by a Lincoln University colleague in 2016. 
Layerstack, as it is today, was refined through a small grant from KiwiNet. The developers (Magda Rich and I) made it 
tough enough to use anywhere with a durable black plastic covering. We also scaled down its size so that it was small 
enough (A3) to transport on an airplane as carry-on luggage (Ryanair’s dimensions were our guide!), with foldable A2 
plastic layers in the folder using a seam inserted in the middle of the acetate. We put together a set of consumables 
needed for a GMB session (see Slides 20 and 21) and voila! 
The only issue with the original Layerstack has been the price – in New Zealand, it cost approximately NZD100 
(USD60–65) to kit out a full model. We’ve explored making more in Asia, though the issue we’ve run into is 
economies of scale on manufacturing – we don’t (as yet) need the thousands a manufacturer would want to produce 
to make it interesting financially for them. 
Some basic principles (as summarized on Slide 19):
• Use of plastic acetates as data layers (land use, value chain actors, climate, disease patterns, production 
characteristics) over a map
• Use of variety of consumables (stickers, markers) to denote physical location and temporal/spatial movement
• Improves visualization of system and facilitation of model development
• Simple, low-tech, hands-on, easy to store information
As you’ll see later, Layerstack and online variants have been deployed in several contexts to date, including New 
Zealand, Zambia, Ghana, Timor-Leste, Myanmar, India, Bangladesh, Vietnam, Mali, Senegal, and Thailand. As a 
facilitation tool, we’ve found it fascinating to use and a great way to work with stakeholders. 
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One of our dreams has been to get more technology into Layerstack while retaining its simplicity and multi-
stakeholder focus. The arrival of COVID-19 in early 2020 has expedited these efforts, as that has made doing focus 
group sessions in person difficult if not impossible. We have retrofitted our Layerstack concepts to an online platform 
called Vecta.io, which allows for real-time collaboration online (Slide 22). This is a potential game changer, allowing 
us to facilitate using our participatory GIS concept virtually but also allowing a means for more blended offline/online 
learning and a way to digitize our stakeholder sessions straight away. Experience so far has been mixed though. 
We’ll discuss this more tomorrow. 
Slides 23–30 go through the step-by-step process of SGMB as detailed in Rich et al. (2018). This is fairly theoretical 
and we’ll go into more details on practical implementation tomorrow. At this stage, this is more for background so 
no need to dwell on this too much. Some pointers as you go through these slides.
• Slide 24: Introducing the language of system dynamics – this first step is critical for ensuring stakeholder 
involvement and buy-in to the process. As we’ll see tomorrow, this doesn’t have to be complicated 
(remember our water example from this morning!).
• Slide 25: Defining consensus on place/context – this is the big innovation of SGMB. Space (through 
maps) becomes the platform by which we conduct our facilitation and link/ground problems, causes, 
and consequences to place. Through the use of Layerstack or similar tools (Slide 26), SGMB provides a 
greater richness of analysis, where we can visually see how and where different parts of the system are 
interconnected so that we can develop more targeted solutions.
• Slides 27–29: Following up on the above – in SGMB, we link the definition of problems (Slide 27), their 
causes and consequences (Slide 28), and feedback (Slide 29) to where they take place, distinguishing what 
problems  occur (or are caused/have implications) in our space or arise from outside. The 3D imagery in all 
these pictures gets at the issue of spatio-temporal evolution – how do space or spatial attributes change over 
time?
• Slide 30: This gets at issues of parameterization and model building itself. Ideally, we would build our system 
dynamics models in a manner by which space/landscape and system co-evolve. In practice, this is really 
hard – see the work by Neuwirth and colleagues in the reference list (Neuwirth et al 2015a; 2015b). This 
requires a computationally intensive, co-modeling process across GIS and systems models at each time 
step, solving or developing an algorithm in each model at that period of time. Further research will hopefully 
help to ease these issues in the future. 
We should now take a break, with questions taken at this point and beforehand. The next section of this presentation 
will go through four examples of SGMB in practice. 
There are four examples of SGMB in the following slides:
• Urban agriculture in New Zealand (the first test of Layerstack type principles), Slides 31–37
• East Coast fever control in Zambia (the first test of Layerstack itself), Slides 38–43
• Upgrading of value chains for paddy and pigs in Myanmar, Slides 44–51
• Quantifying the impacts of aggregation systems on nutritional outcomes in horticulture value chains in Bihar, 
India, Slides 52–58.
These slides are fairly well described, but below are some pointers. 
The urban agriculture case used a focus group session to conceptualize what the urban agriculture system in 
Christchurch, New Zealand, looked like in terms of its drivers and dynamics, and to propose potential leverage 
points for intervention. Urban agriculture is an emerging phenomenon in Christchurch post-2011 earthquakes, as a 
means of enhancing resilience and connecting with the city. However, an issue with urban agriculture is that there 
is a disconnect between those that practice it and the regulations that govern it, with limited top-down/bottom-
up interactions. Slides 32–33 show the end result from our participatory GIS exercise, with the former the raw set 
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of layers and the latter a digitized version of the analysis. From this discussion/map, we developed the stock/flow 
CLD found on Slide 34. The CLD here considers the interactions of production, land use, marketing, population 
movements, and awareness building. An important leverage point we found was on building local and community 
awareness for urban agriculture. However, a challenge, shown on Slides 35 and 36, is that while the land available 
for urban agriculture is increasingly focused on the centre of the city (which was most affected by the earthquakes 
of 2011), populations are moving away from the city to suburban locations in the west that are perceived safer from 
future geological events. Given that shopping patterns tend to be local in nature (summarized in Slide 37), figuring 
ways to link products to people will be an important factor to improve the viability of urban agriculture. 
The East Coast fever (ECF) case in Zambia aimed at identifying the socio-economic drivers of ECF control and 
mitigation strategies, particularly how these varied within and across space (it was used in two different areas). It 
was the first test of Layerstack in action in 2016. Slide 40 and 41 show the completed Layerstack and digitized map 
that came from this process, while Slide 42 denotes the stock/flow diagram of the key interactions of land use, 
livelihoods, and disease (host-parasite interactions). This model was only conceived qualitatively – no simulations 
were run. 
Some interesting insights that emerged (Slide 43):
• We found considerable diversity in the drivers of ECF that have distinct spatial patterns. For instance, in 
Lundazi there is competition for land between crops and livestock that has made the use of dip tanks 
obsolete. By contrast in Monze, climatic stress (more droughts) has reduced the prevalence of the tick 
vector. 
• Markets differ as well, with Lundazi being more externally focused while in Monze sales are geared towards 
the local market. These movements in Lundazi (especially trade with Malawi) further challenge control.
• Cultural norms also shape ECF control. In Monze, we found considerable stigma with the mixing of animals 
among different socio-economic classes at dip tanks. 
• Variations in agro-ecological zones and cattle herding practices – more transhumance was found in Monze.
• Spatial differences highlight the need for developing locally relevant, fit-for-purpose control strategies that 
take these differences into account. 
Slides 44–51 detail some excellent ongoing work (2017–2022) in Myanmar. This five-year project is funded by the 
New Zealand Ministry of Foreign Affairs and Trade to look at the upgrading of pro-poor value chains in southern 
Myanmar (Tanintharyi region). The identification of interventions was informed through the application of an SGMB 
process. These interventions are subsequently piloted in the field, facilitated through the provision of innovative 
value chain financial products and the development of producer groups and organizations. The main partners are 
World Vision, VisionFund, Lincoln University and ILRI. 
The process used for implementing the SGMB process in Myanmar is outlined in Slide 45. From inception to the 
initial model that was shared more widely with stakeholders it took approximately six months. The first four SGMB 
sessions took place over a six-week period, with the results from those sessions synthesized by Jared Berends (the 
PhD student leading this part of the study) into a working model for simulation. Slides 46–49 highlight the different 
steps of the process, starting from the initial Layerstack exercise (Slide 46), an assessment of causal drivers and their 
consequences (Slide 47), and a concept model developed from these interactions (Slide 48). The concept model 
is modularized (Slide 49 – recall the last slide this morning) with further facilitation to unpack structure and data 
for those modules. Based on the final concept model, scenarios were discussed with participants (Slide 50) and 
simulated through the model built using Stella Architect. 
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These scenarios, as noted in the slide:
• Baseline: No project interventions
• Scenario 1: Project interventions that cover all pig producers in target villages
• Scenario 2: Project establishes producer groups (PGs) and targets PG members for interventions
• Scenario 3: PGs are upgraded to producer organizations (POs) with the institutional arrangements to support 
ongoing capacity investments
Specific interventions that were considered within these scenarios included
• Microfinance loans
• Good animal husbandry practices (animal health workers and biosecurity)
• Training on hybrid pig production and commercial pig feed
• Artificial insemination 
• Combination of interventions 
Slide 51 presents some initial results from the pig value chain work. These are well described in the slide, but 
good to point out (a) the role that combined interventions play; (b) improvements to financial products to facilitate 
investment; (c) the role that producer groups/organizations need to play to champion interventions; and (d) the 
potential for co-investment in a slaughterhouse to add value to local production. 
The last example comes from an ongoing study on horticulture value chains (vegetables) in India (Bihar State) and 
Bangladesh; this example presents results from Bihar only. This project was funded by the Bill & Melinda Gates 
Foundation during 2018–2021 and was implemented by SOAS, ILRI, Digital Green, Bangladesh Agricultural 
University, London School for Tropical Health and Medicine and Lincoln University. It aims to see whether 
aggregation systems, such as that developed under the LOOP scheme of Digital Green, can be made more 
nutritionally sensitive, improving access for horticultural products to consumers more broadly while still giving 
benefits to producers and other value chain actors. Slide 52 sets well the context for the study.
Slide 53 highlights how LOOP works. While it has helped farmers by reducing transactions costs, it has led to 
marketing patterns that cluster around larger markets. A question is whether the farm-facing benefits of LOOP can 
be retained while finding ways to increase access for a wider group of consumers. A follow-up study has been 
conducted on poultry in Ghana using similar tools but facilitated wholly online. 
Slide 54 animates methods and materials, including the use of Layerstack. Slides 55–57 give preliminary results from 
the study (see Cooper et al. 2021). The scenarios that were run are as follows:
1. ‘Reference’: Model runs until end of August 2021 without any internal/external interventions.
2. ‘Extension’: Effectiveness of extension efforts set at the historical rate (i.e. same as when LOOP was actively 
expanding from October 2017–February 2018).
3. ‘Quota’: 20% of LOOP supplies are sent to ‘Market B’ (a smaller, distant market).
4. ‘Cold storage’: Traders may store fruits and vegetables (F&V) for up to 3 weeks but pay rent to the government 
at 0.3 Rs/kg/day.
5. ‘Reference consumer demand’: Change in the baseline retail demand (i.e. pre-price adjustment) for F&V.
There are detailed notes on Slides 55–57. Greg Cooper developed these materials. Slide 55 presents some impacts 
of different scenarios alongside metrics of the number of farmers involved, profits, sales, and sales to smaller markets. 
The expansion of LOOP through extension leads to nearly four times more farmers than the baseline. But, LOOP 
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extension on its own may have negative implications for the availability and affordability of F&V in smaller markets 
(i.e. this scenario may not actually be nutritionally sensitive). Non-LOOP farmers that previously supplied the smaller 
market are now able to access the larger market through LOOP, essentially diverting supplies away from the smaller 
market, making supplies there less available and more expensive.
On the other hand, quotas that mandate sending 20% of produce to Market B (smaller market) limits the 
attractiveness of LOOP membership relative to non-LOOP. These quotas also reduce profitability for farmers but 
increase affordability and sales in the smaller market. 
What Slide 55 shows well is that there are tradeoffs along different dimensions or metrics of value chain performance. 
Slides 56–57 illustrate these tradeoffs. The former slide looks at the tradeoff between profitability and accessibility 
in distant markets, while the latter considers broader dimensions of tradeoffs. Making interventions win-win for all 
parties in the value chain is challenging. Further work in this area will look at considering multiple interventions to see 
if there are additional impacts associated with combined packages of investments. 
That’s all for Day 1. The next two days move to the implementation of SGMB in practice. 
Session 3: Implementation of spatial group model building 
in practice
Timeline: See earlier Table 1 above. Offline, the set of slides and exercises can be done in a full day, with the final 
day geared at a mock run of the entire SGMB process in small groups. Online, we break up these activities over four 
sessions (sessions 3–6). 
Below, slide numbers refer to both the offline version and online version, with the online version in parentheses. The 
session number for online sessions comes first, followed by a slash (/) then the slide number(s). So, Slide 5 in Session 
4 is written (4/Slide 5). Note the slide order in Session 3 is the same offline and online, so this distinction is not made 
for the first set of slides. 
Now time for the fun stuff – how to do SGMB in practice! Here’s the main order of activities in the process and what 
we’ll cover in this (set of) lecture(s):
• Planning
• Scripts and SGMB process
• Participatory GIS (Layerstack)
• Problem elicitation, causes, and consequences
• Module and model building
This session should be very interactive – solicit lots of feedback and questions. There will be lots of practice during 
and more at the end. 
Let’s start with planning. This is a critical part of doing an SGMB (or GMB) session. Good SGMB sessions are 
meticulously prepared. A checklist of things we consider (and detail in Slides 4–11) is as follows:
• Who to invite
• Reference groups
• Agendas
• Workshop roles (offline and online)
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• Room organization (offline and online)
• Workbooks
• Materials
First, who do we invite? As noted earlier, there is a need to consider a diversity of participants, in terms of their role 
in the value chain (system), and sensitivity to their scale of operation, education, gender, power in the community, 
etc. Any group model building process requires drawing from a pool of collective knowledge that maximizes what 
different stakeholders can offer. Work closely with community leaders, producer associations and cooperatives, 
extension agents, and local authorities to find good participants. A second requirement, once a list of candidate 
invitees is identified is commitment – SGMB sessions necessitate the same group of people coming to several 
sessions, up to five half-days over a four-to-six-week period. In getting this commitment, make sure you and your 
colleagues in the community highlight the prospective benefits of these sessions, but also do not oversell – what 
we’re offering is a process towards locally-owned solutions and those will only be as effective as the commitment 
towards the process and implementation from participants. 
We covered this last time, but to reiterate – SGMB sessions are ideally suited for about 10–15 participants. Smaller 
than this and you run the risk of not enough diversity in participants. Larger than this makes facilitation harder. In 
Myanmar, getting a group of over 15 people all involved at the map was challenging at times. Between 10–15 
people, in our experience, seems to get that balance right.
Name tags – and colour-coding these by function in the chain – are very helpful to identify and get to know 
participants. This helps with voting too (e.g. you can get all the farmers to vote, followed by traders, etc.) to ensure a 
fairer deliberation process. 
We also noted last time about the role of overly influential people in your sessions – be careful. Sometimes, if 
you get community leaders in the sessions, you run the risk that they will dominate the discussion and/or others 
will not contribute out of fear of retaliation, loss of face, or due to other social dynamics. We ran into this issue in 
Palaw, Myanmar, with a participant who had excellent insights, but dominated much of the conversation. The 
way we handled this was to promote him to the ‘reference group,’ which worked well for all – the man received a 
‘promotion’ to the group of experts where we were still able to draw on his insights, and the larger SGMB group 
worked better in subsequent sessions. 
This leads in nicely to the topic of reference groups (Slide 5). Reference groups are a parallel entity to group model 
building sessions. They are typically a smaller group, say six to eight people, comprised of experts from government, 
private sector, research, or academia that serve a vetting/triangulation role in the SGMB process. They are kept 
in the loop on findings from the SGMB sessions, but not necessarily in person – this consultation can be virtual, 
by email, or by phone. In Myanmar, we ran an identical session for our first SGMB session for our reference group 
but had a more informal consultation afterwards. The reference group is there to help you – if there are issues in 
interpretation of information and to give a critical eye on process and results. 
Agendas (Slide 6) are hugely important. Each SGMB session needs to be prepared with great care, with specific 
blocks of time organized in minute detail. Two types of agenda are prepared – one for the participants that tells them 
the activity and time to be devote to it (see image in Myanmar in Slide 6) and one for the team (right panel in Slide 
7) that specifies what activity is to be done, the time taken, how it is to be facilitated, materials needed, information 
to be collected, and process to be followed. Keeping time is critical – your participants are busy people and it is 
incumbent upon you not to waste their time. You will get a much more positive response and better buy-in if you 
show you can keep to the allocated schedule. 
It is better to do fewer things well than try to program into too many things in too short a time. 
We also need to have a program for the overall process and what you seek to achieve in your SGMB sessions – see 
the left-hand panel in Slide 7 for an example of this.
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How long are SGMB sessions? Typically, an individual session will go three to four hours, including breaks. Your first 
session might be a little bit longer than the other ones. Budget on a full morning, either concluding with lunch or with 
a lunch break in the middle. For online sessions, budget a maximum of two hours, though 90 minutes is best.
What activities are done in each session? A rule of thumb for offline sessions:
Session 1: Introductions, hopes and fears, systems thinking introduction, participatory GIS exercise, problem 
prioritization (causes and consequences is sometimes done here – more on this later).
Session 2: Review of Session 1 (including a review of systems thinking), causes/consequences, identification of 
modules, start on first modules (in groups).
Session 3: Review of Session 2 (including proof-of-concept models), group work for subsequent modules.
Session 4: Repeat of Session 3 for larger model structure, discussion on interventions and indicators to analyse. 
Final session (typically a few months after the first four sessions): dissemination of results to a wider stakeholder group 
(not just SGMB participants).
Who is part of the facilitation team for a series of spatial group model building sessions? Specific roles, as noted by 
Lie et al. (2017), Luna-Reyes et al. (2006) and Richardson and Andersen (1995) on Slide 8 include:
• Lead facilitator 
• Gatekeeper 




• Observers also useful
At a minimum, you would need three people to facilitate a session – a facilitator, a board writer, and a note taker. 
Ideally, though, a team of at least five is better, with an additional person that can transcribe session information 
(maps, models) onto a computer, and a second note taker/timekeeper. The facilitator and board writer can take turns 
in those respective roles – it is sometimes easier/better to share facilitation duties. Also – you may need translators 
depending on the context. Process coaches (often experienced advisors) are particularly helpful in the first sessions 
to help the team get engaged. A gatekeeper, a liaison between the team and participants (both in sessions and 
outside) can be an external person or that role can be combined with another on the team. 
The lead facilitator should only facilitate, while other team members should be in charge of their respective tasks.
For purely online SGMB sessions, the dynamics will be a little different but in general fairly similar. You’ll need a 
lead facilitator to manage the discussion, with at least one (possibly two) team members that will handle the online 
dynamics of different platforms – links to programs, transcribing of information, etc. On the slides (Slide 9), these 
roles are categorized as those of the board writer and modeling expert. One note taker should keep detailed 
transcripts of sessions, while another should monitor online discussions through chat. In Timor-Leste, we found that 
an additional liaison person between the local team and those serving online was very useful (see Berends 2021, 
in review). Here, the SGMB session was conducted in person but the observers/process coaches were online, 
connected to the main session via Zoom and to the liaison person directly via WhatsApp. In Ghana, where the 
session was conducted wholly online, we had a similar team composition as described for the traditional, offline 
facilitation process.
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It is critical for online sessions that the team ensures all participants have access to the Microsoft Teams channel and 
accounts on Vecta, links to Jamboard, and accounts on InsightMaker (if used). These need to be set up in advance 
and tested first, well in advance of the session. 
A hybrid SGMB session (Slide 10) is also possible whereby a portion of participants are in person, with facilitators 
and/or other participants accessing virtually. But note this challenges facilitation team dynamics further. In this case, 
you would need a facilitator that works with the in-person team (or if multiple teams, a facilitator per team), and a 
person per in-person team that links with the remaining participants online (see Timor-Leste example above). In 
principle, the lead facilitator could facilitate virtually but would need assistance from online counterparts.
For both purely online and blended learning modes of SGMB delivery/training, it is essential as noted earlier that you 
utilize a greater number of smaller sessions, maximum two hours. Asynchronous modes of information gathering, 
particularly the use of workbooks (see Slides 14–15) will be critical to fill in the gaps, though care needs to be taken 
both in terms of participant ability to use such tools and in soliciting information that can be easily obtained through 
workbooks. More on this shortly. 
Room planning (Slide 11) is also important. Make sure all materials (see Slide 12) are in place. There is some discussion 
in the literature on the organization of the room itself (Hovmand 2014). Our experience with LayerStack is that it 
works best in the middle of the room with people around it. We have organized sessions in the past in a ‘horseshoe’ 
shape with the Layerstack in front and two whiteboards or flip charts on either side. Make sure you have space for 
later group breakout sessions. Slide 13 is a recap of the slide from Day 1 and reminder of the tools we’ll use when 
doing this online. 
Moving back to materials (Slide 12), these include the following for a traditional SGMB, all prepared in advance:
• Whiteboard (two ideally) + markers
• Layerstack kit (includes markers, blue tack, coloured paper)
• Base map(s) of regions working in. A single large map can be printed in A2 (ideally) or two smaller maps at 
different resolution in A3 can be used. The level of detail in your map depends on the spatial resolution of your 
system. Two extra maps for reference should be brought. If you can laminate the maps, it is even better. 
• Extra pens, paper




• Water and catering (snacks, coffee, lunch)
• Workbooks (if used)
• A good meeting facility – see room specifications noted above. 
For online or blended sessions
• Internet connectivity
• Projector (for blended sessions)
• Access to programs used (free accounts, links)
• Digital picture of base map uploaded to Vecta/Jamboard
• Individual snacks and drinks 
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Slides 14 and 15 discuss workbooks. The use of workbooks has been cited in the literature (see Vennix 1996) as a 
supplement (or substitute) to the use of questionnaires, particularly in those instances when a concept or preliminary 
model is used to kick-off the discussion. The workbook examples described by Vennix (1996, Ch. 6) and Vennix and 
Gubbels (1992)  are quite detailed, writing out a summary of the problem and model and providing participants a 
chance to change/add/delete to proposed CLDs and concept structure.  As with all aspects of an SGMB session, 
they need to be meticulously prepared and pre-tested amongst the team. 
In Ghana, where the SGMB session was conducted wholly online, in lieu of Layerstack or the use of Vecta, we 
developed workbooks that created a mini mock-up of Layerstack (Enahoro et al. 2021). Our workbooks contained 
a set of identical maps and gave explicit instructions to participants on how to populate information on a given 
map (corresponding to a particular layer), in terms of the types of stickers to use, colour of pen, etc. The workbooks 
were distributed to participants in advance and then collected once completed, after which the information was 
aggregated by the facilitation team. At the subsequent online session, the aggregated maps were presented to the 
stakeholder group and validated for any additions or changes. 
Slide 15 provides some guiding principles – namely to keep them simple, targeted, and tractable, with sufficient 
time given for both input and their review by the team. In an asynchronous delivery environment, supplementing 
workbooks with chat, email, and online forums can further enhance data collection.
Slides 16 and 17 discuss the notion of scripts. Luna-Reyes et al. (2006: 294) define these as ‘a series of “fairly 
sophisticated pieces of small group processes”… conceptualized as a series of divergent or convergent activities to 
facilitate the cognitive processes of eliciting information, exploring courses of action, and evaluating situations.’
A simpler way of looking at scripts is that they are your prepared guidance for planned activities in your agendas. 
Each ‘activity’ in your agenda has a ‘script’ behind it. They help you as a facilitation team with the stakeholder 
engagement process.
Generic scripts for GMB sessions include the following as defined by Luna-Reyes et al. (2006) as found on Slide 16:
1. Scheduling the day
2. Logistics and room arrangements
3. Hopes and fears
4. Concept model
5. Variable elicitation
6. Reference modes elicitation
7. Structure elicitation
8. Reflector feedback 
9. Transferring group ownership from one image to another
For SGMB, we adapt these scripts based on the steps we discussed yesterday (see Rich et al. 2021 for more 
specifics). What follows are the suite of scripts used with suggested timing for each provide. We’ve covered the first 
two already, so will denote script 1 as ‘hopes and fears’ (number 3 in the list). 
There is a ‘script 0’ – namely introductions to the sessions. Be sure to have a few minutes at the very beginning of the 
first session going over the process with stakeholders and especially to define goals with them (Slide 18). Your goals 
are often defined by the project itself, but it is important that everyone is on the same page with them and to ensure 
people agree with them. Be sure your work complies with various ethics procedures at your institution – this time is 
also a means to get participants to sign consent forms (if needed) or at the very least to receive their informed consent 
about participation. 
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Script 1 is a hopes and fears exercise (Slides 19–20). This is an initial icebreaker exercise as we did on the first day of 
the training. Hopes and fears provides a way to gauge initial participant expectations and perspectives and is a nice 
way for participants to introduce each other. It also gives a benchmark for the session to see whether the facilitation 
team is meeting expectations over time. 
The exercise comprises of giving each participant two pieces of different coloured paper. One colour denotes 
‘hopes’ and the other ‘fears’ associated with the session and SGMB process. Participants are to write just one 
hope and one fear on the appropriate colour sheet quietly, taking two to three minutes to complete the process. 
Afterwards, each participant will go to the board one-by-one, introduce themselves, and start their hope and fear 
exercise. As noted on Slide 20, this can be easily done in Google Jamboard as well. 
The whole process, including introductions of the project and consent forms, should take around 20–30 minutes, 
depending on group size. 
At this point, one can do a practice exercise with the trainees (though this is optional if time is constrained, especially 
for online sessions). Use either colour paper or Google Jamboard and facilitate this exercise with the group. Spend 
around 10 minutes or so.
Script 2 is to introduce the language of systems thinking (Slides 22–23), with a practice exercise by one of the 
trainees (or better, split into groups) afterwards, also taking about 10 minutes. The example we’ve been using is 
drinking from a bottle of water or soda (soda has an advantage of being easier to see). Note that the water inside 
the bottle is a stock that has a value at a specific value in time (‘at X:XX, there is 300 ml of water in the bottle’). Stocks 
can only change via flows, either by pouring more water into the bottle (an inflow) or by drinking/spilling water (an 
outflow). Take a drink of water/soda. ‘Now at X:XX+1, there is 200 ml of water in the bottle.’ Introduce the shapes 
we use at this stage (rectangle for stock, thick arrow for flow) and draw a diagram. Next ask what would cause the 
outflow to change more or less (answer: could be the angle the bottle is held out, or how hot it is outside, or how 
thirsty one is) – these are converters that influence (and are connected) to the flow. Draw this on the board. Finally, 
talk about reference modes – what does the level of the stock look like at different periods of time (take another drink, 
or add some more to the bottle). Note when finished that this is the language we’ll use to make our models together.
Online, we can either use SD software directly like InsightMaker or we can use Jamboard and freehand the 
illustrations. If you use InsightMaker (this assumes you have set up an account – they are free), note the following 
instructions. First, stocks can be found in the ‘Add Primitives’ box on the menu bar (see the upper figure below in 
Figure 8, circled in red). Double click on the stock name to rename it; this applies to all primatives. Flows are created 
by first highlighting the ‘flows’ box (next to ‘Add Primatives’), and then dragging them from the centre of the stock 
(there will be an arrow in a circle) either out (outflow) or backwards (inflow). You will need to change the direction of 
an inflow using the arrows box (see the green square in the upper figure in Figure 8 below). Non-graphical/tabular 
converters are called variables in InsightMaker; converters in InsightMaker are devoted to tabular or graphical 
functions. They can both be found in the ‘Add Primitives’ box. Links can be made by highlighting links (instead of 
flows) and dragging the link from where you want to start to what connects it. In InsightMaker, a link is a dotted line; a 
flow is a solid line. 
Note in InsightMaker there is the option to use what’s called a scratchpad. On the menu bar with the wrench icon 
(not shown), the first option is for the scratchpad. Highlight this and tick the box. This then generates a toolbar on the 
left side of the canvas (see the lower figure in Figure 8) where you can write freehand in addition to use the system 
dynamics primatives – handy for free handing reference modes, etc.
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Figure 8: Use of InsightMaker to build system dynamics models. 
 
Script 3 (and ‘3.1’) refers to the use of Layerstack (this is Slides 25–39 offline [online: Session 4/Slides 3–17]). A lot of 
this is self-explanatory from the slides but some things to keep in mind are:
• Offline, have the Layerstack in the middle of the room and the participants stand around it. 
• Introduce what Layerstack is and how it works. Technically it is an offline participatory GIS, but not everyone will get that. Walk 
through principles – we use a base map of a region/place of interest to understand different characteristics of that place. Each 
layer (plastic sheet) represents a type of information we want. These could be land use patterns (e.g. what products are grown 
where), movement of products purchased/bought, socio-economic zones (poorer areas vs. rich areas), locations of disease 
outbreaks, and so on. The facilitation team will bring a base map and pre-define layers in advance – do not attempt to do this 
on the fly as the Layerstack exercise moves fast!
• For a given layer, we will use markers and stickers to denote these characteristics. A yellow circle could denote poultry farms, 
for instance, or a blue star could represent outbreaks of a disease. Use markers to draw patterns of trade or colour in zones of 
interest. Whatever consumables are used, you must define a legend on the side of the layer to keep track of what’s what (see 
Slide 31 [4/Slide 9]).
• As you define system characteristics, keep track of reference modes i.e. how are things changing over time? (slide 32 [4/Slide 
10]). Are the number of farms going up, down, constant or oscillating? Are sales from market X to market Y growing or falling? 
Draw these trends using a behaviour-over-time graph – x-axis is time, y-axis is the variable of interest. The shape of the graph is 
what matters. 
• Start the session with a leading question based on an initial layer (for instance ‘Can somebody tell me where we might find 
cattle farms?’). Prepare in advance a checklist of information you want from each layer – you may not cover it all, but it will be 
helpful to advance the discussion.
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• Every 5–7 minutes, quickly summarize the information on the layer to make sure it conveys the information 
that’s being discussed.
• Involve everyone – if a few people are dominating the discussion, ask those that are quieter to contribute. 
• Spend roughly 20–25 minutes per layer – keep to time! You will likely complete four or five layers in a 
90–120-minute period. Reserve 10 minutes at the end to summarize the final product. 
• Layerstack sessions take a life of their own – after a few minutes, our experience has been that they take 
their own momentum. Make sure you steer/guide the process with the information you seek but encourage 
maximum participation. 
• DO NOT ERASE THE MAP AFTER YOU FINISH DIGITIZING IT! 
The use of Vecta as a digital/online tool (slides 33–38 [4/slides 11–16]) provides an additional platform for doing 
a similar participatory GIS exercise online. Facilitating Vecta online requires precise management of online tools 
such as Teams or Zoom to coordinate facilitation, board-writing, and chat inputs. In principle, Vecta can be used 
collaboratively in the same way that Layerstack is used (i.e. you can share a Vecta file with your team and everyone 
can write on it). In practice, unless you are dealing with a smaller, technologically savvy audience, this might be 
problematic, particularly given one of the ‘bugs’ of Vecta (namely, that it’s easy to move the position of the base map 
when inputting images on top of layers unless you explicitly lock it). In the end, it is probably best to only have the 
board-writer control access and get inputs orally or from the chat. 
Vecta could theoretically be used in lieu of Layerstack in traditional sessions, either through the use of a large tablet 
or projecting on a whiteboard, with the board-writer transcribing inputs in real time. An advantage of this is that 
digitization takes place automatically in real time. 
Slides 33–38 [4/slides 11–16] go through the main basics of using Vecta and are self-explanatory. It is important 
to click off the map before inputting text or drawings on the base layer. The free-hand tools (see the pencil icon in 
the menu, the last option to choose from amongst the choices) allows you to draw and colour in zones. Vecta has 
the option of inputting personalized JavaScript plugins. I haven’t used this but in principle, it may be possible to 
personalize some of the drawing icons we use to simplify its use – to be tested!
[Update 30 June 2020] Having said all of this about Vecta, our initial experience with using it in training was not 
particularly positive. In Timor-Leste, we had a group of trainees assembled in one place connected virtually with the 
training team. When facilitating the Layerstack session, we attempted to use Vecta to transcribe trainee descriptions 
but found this difficult for both trainers and trainees alike. In such a hybrid setting, the challenges we faced were 
twofold. First, it was difficult for the trainers to guide through trainees on Layerstack offline (webcams do not work 
well showing materials on a table); conversely, it was hard for trainees to utilize the online tools effectively. 
A solution was to use Jamboard in lieu of Vecta directly; we did this successfully in Ghana. In Jamboard, it is possible 
to paste an image in a frame such as our base map. We can then use the freehand and sticky note feature to draw 
on the map for a given frame, where each frame denotes a layer. Note that we cannot overlay frames in Jamboard, 
so cannot see the interaction of layers directly. However, if participants are using Jamboard for an online Layerstack 
experience, it is possible for a facilitation team member to transcribe these discussions in Vecta as a summarization/
documentation tool, rather than the core facilitation tool as such. More on this workaround as we pilot it. 
We’ll go to a Layerstack exercise at this stage, taking the above guidance into account depending on mode 
of training. For the training, spend about 60 minutes and do about three layers. We’ll use the final 20 minutes 
afterwards for feedback and reflection. 
Script 4 (Session 5 online) has the clunky title ‘variable and structure elicitation.’ The idea here is to identify problems, 
their causes/consequences, and the types of systems architecture (in the form of modules) we’ll need to develop in 
our model building. 
33Systems thinking and spatial group model building: A facilitator’s guide
This script has two paths. In some cases, the prioritization of problems facing stakeholders will not have been fully 
elaborated upon. Many problems might exist in the value chain, for instance, but revealing those and prioritizing 
their importance and root causes/implications may require further work. In these cases, we first conduct a problem 
prioritization exercise. Each participant is given a sheet of paper to write down one problem independently. These 
are handed back to the facilitator anonymously who then gives them to the board-writer to put on the board. Like 
problems are clustered together. Be sure to relate these problems to Layerstack – where do these problems exist? 
Why? A second round of problems is solicited orally in case anything is missing. Participants are then asked to vote 
for their top two problems – this can be an open or closed ballot depending on the sociocultural context. Typically, 
teams deal with two or three problems to elaborate further. Before moving on, we ensure that the participants agree 
with the choice of these problems. Allocate about 45 minutes for the exercise. 
Online, we can use Jamboard or Padlet as a means of facilitating this if participants are comfortable with the use of 
these platforms directly. Alternatively, messaging the chat coordinator with identified problems, which are then 
input by the board writer, can be done. [Update 30 June]: the use of Jamboard worked quite well here with trainees 
in Timor-Leste.
We next move to a ‘causes and consequences’ exercise to understand what causes these problems, what their 
consequences are, and any feedback effects that might exist. On the whiteboard, we write the first problem in the 
middle of the board. Similar to the prioritization exercise, we hand a piece of paper to participants and ask them 
to think of one cause of this problem. These are handed to the facilitator and board-writer and a similar clustering 
process (on the left side of the problem) occurs. We then ask in plenary for other causes of these causes (or direct 
causes of the problems that were missed initially). We repeat for consequences (‘what are the implications of this 
problem?’). For a given problem, take about 30–40 minutes for this exercise. As before, relate these causes and 
consequences back to Layerstack – where are they grounded and why?
One can use Jamboard as noted in Slide 47 [5/Slide 10]. Transposing your CLDs directly into SD software such as 
Stella or Vensim is an easier means of showing your CLDs if you have such software at your disposal, though this 
depends on how comfortable the team would be in using that software. In the end, using Jamboard is probably safer.
Time for more practice – break the trainees into small groups and give them a value chain or other relevant scenario. 
Have them go through the process of problem prioritization and causes and consequences. Have trainees take turns 
being participants and facilitators. 
Script 4 (Session 6 online) continues with the identification of modules. This can follow the problem/causes/
consequences exercise discussed earlier or proceed directly from the Layerstack exercise. The latter can happen 
in cases where the problem is already well-defined and explicit. Based on these problems and CLDs developed 
earlier and using Layerstack as a guide to ground them spatially, work with stakeholders to first identify the relevant 
modules associated with the system and the problems you are trying to address. Modules typically include economic 
(marketing, trade, production), biological (disease, herd dynamics), institutional (finance, organization), and 
behavioural (adoption, learning, gender) factors. This can be done quickly in plenary, with voting techniques used if 
there are disagreements.
Once modules are chosen, start the development of the first one in plenary together. To begin, for a specific module, 
identify a couple of key stocks in this module from stakeholders (go back to Layerstack as needed to guide). As with 
the causes/consequences exercise, from those stocks, ask what flows enter/exit those stocks? And what variables 
mediate those flows (what causes those flows, what are their consequences?). From this process, you should quickly 
have the skeleton/sketch of any initial model. Remember the adoption model from Day 1 – this process should guide 
you. 
In this process, start asking stakeholders for data needed to parameterize these variables. In some cases, you’ll want 
to use graphical relationships to define a parameter – work with your stakeholders to draw those relationships. For 
any identified stocks/variables, be sure to triangulate the reference mode behaviour given during the Layerstack 
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discussion. Get a sense of what trends exist for that information and importantly where it takes place. Reflector 
feedback is critical – as you develop the structure for a given module, try to summarize every 10 minutes or so what 
the structure seems to say ‘qualitatively’. Talk about feedback loops and the types of behaviour that seems to emerge 
from the structure you obtain.
Once you have done a first module in plenary, break the participants into two groups for subsequent ones. Identify 
a facilitator and board-writer for each group (the board writer can be one of the participants). Give groups about 60 
minutes per module, followed by a 30–45-minute feedback session in plenary to discuss/iterate/feedback. It is likely 
that this process can be done for one or two modules maximum per session (from Session 2 onwards). This means 
you will probably focus on five or six modules at most.
Online module definition can be facilitated via Jamboard, though structure is much better developed either through 
InsightMaker or Stella.
The last part of the process (Script 5; Session 6 online) is to translate these qualitative concept models into 
quantitative ones (or cleaned up qualitative ones if that is the aim of the SGMB sessions). Between sessions, the 
facilitation team should spend time with the concept model and notes to put together a working model structure. 
Ideally, if you can show some very basic results to participants at the following session, it can demonstrate the fruits 
of collective group efforts. Workbooks can play a role here as well, particularly in getting information missed at the 
previous session and/or if working in a blended or online format. Be sure as well to engage with your reference 
group – share initial findings and get feedback on structure, data, and any initial results. 
For trainees, do an exercise on the development of a concept module. Do two of these – the first in plenary, 
facilitated by the trainer based on a relevant problem/module for the team being trained. Spend about 20–30 
minutes. Then, split the trainees into groups and have them facilitate a like session with a different module. Give them 
20–30 minutes and then return to plenary for a debrief. Online, you may need to split this over different days and/or 
do additional practice after the core training session. 
That concludes the main aspects of conducting an SGMB session. Offline, the delivery of these scripts and exercise 
should take (in traditional format) the better part of a day. For the last day (Day 3 offline), the objective is to run 
through a full mock exercise. As a training team, you’ll need to prepare materials (maps, problems, etc.) and take 
participants through a step-by-step process of session development. Break your trainees into two groups. Start with 
agendas and planning (and workbooks, if used). Go through the different exercises and feedback after each. Take 
time to repeat exercises as needed. Online, practice will need to be broken into blocks given time considerations. 
Facilitation tips are provided on Slide 53 [Session 6/Slide 8]and are self-explanatory. Some final guidance, as noted 
on Slide 54 [Session 6/Slide 9]:
• Sessions should be no more than one-half day in duration (~3 hours). For online sessions, this will need to be 
adjusted: 90 minutes is probably the maximum feasible period of time.
• Maximum number of sessions is typically five but can be less.
• A larger dissemination session with outside parties is useful upon the conclusion of your modeling exercise.
• In our experience, we have had good luck with conducting the first two sessions back-to-back on consecutive 
days. But there should be at least one week (two weeks are better) between Sessions 2 and 3, and 3 and 4 for 
the team to process modules into models.
• A post-session debrief by the facilitation team is important – for reflections on what went well, what didn’t, 
and what could be improved for next time. SGMB sessions are a team effort and it is critical that excellent team 
dynamics remain throughout the process.
The best advice: Relax, have fun, and learn with your stakeholders!  Good luck!
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